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Introduction: 
The composition of nutritionally relevant fatty acids 
in milk have been determined using 1H NMR 
spectroscopy allowing for the comparison of grass-




• The lipid fraction was extracted from milk by the 
Bligh & Dyer method:2 Homogenizing in 2:1 
chloroform/methanol solution, adding 1 equivalent 
of water, then filtering the mixture. The aqueous 
and organic phase are then allowed to separate.
• The dichloromethane solvent was evaporated to 
leave lipids.
• The extracted lipid was dissolved in deuterated 
chloroform and analyzed by 1H NMR spectroscopy.
• The proton signals were assigned using available 
data from literature,2 and then manually integrated.
• Using a calculation method by Sy et al.,2 the fatty 
acid composition was determined using the 
integrated area of the various resonances. 
Determination of nutritionally relevant fatty acids in grass-fed milk 
using 1H NMR spectroscopy.
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Figure 1. Linoleic acid (LA) and alpha linoleic acid(ALA), are nutritionally 
relevant omega fatty acids found in dairy milk. Starred are the protons which 
signals were used in determining the relative amount of LA and ALA.
• In comparison to conventional milk, grass-fed milk has a significantly lower omega 
n-6/n-3 fatty acid ratio. Processed grass-fed milk had a lower ratio than raw milk.
Table 1. Assignment of fatty acid(FA) protons in the 1H NMR spectrum using chemical shift and 
multiplicity. (CLA= conjugated linoleic acid, t=triplet, m=multiplet, dd=doublet of doublet; SFA = 
saturated fatty acids, UFA = unsaturated fatty acids MUFA= monounsaturated fatty acids)
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• The %SFA, %MUFA, and % CLA of the lipid fraction from the milk 
samples were determined using calculations which use the integral 
areas of the proton signals associated with different fatty acids.
• The analysis of conventional milk (Lucerne 3%) was generally 
similar to the fatty acid composition that’s expected in milk,3
although the % SFA relative to % UFA was higher than expected.
Conclusions:
• 1H NMR is an appropriate technique in determining nutritionally 
relevant fatty acid composition from a variety of milk samples, and 
suitable for use in regular testing for meeting DFC standards. 
• The 18:2 n-6/18:3 n-3 fatty acid ratio of grass-fed milk analyzed in 
this experiment is well under the guidelines of 3.5 and 3, ranging 
between 1.7 and 0.5.
Figure 5. 1H NMR spectrum region showing 
the methyl proton assignments for all FA.
Figure 4. Region of spectrum from 3% Lucerne milk 
used to determine ALA and LA % composition.
Figure 6. 1H NMR spectrum region showing the 
overlapping doublets which were used to 
determine the amounts of 2 CLA isomers.
Figure 2. Proton NMR spectrum of lipids extracted from raw 
grass-fed milk provided by Nutriva Group. 
In light of increased consumer demand and greater 
nutritional value associated with grass-fed milk, dairy 
cattle operations are returning to fresh forage 
feeding systems. To be certifiable as Grass-Fed milk,  
operations must adhere to regulations set by Dairy 
Farmers of Canada(DFC). In doing so, dairy 
operations must demonstrate every 2 months that 
the milk has a 18:2 n-6/18:3 n-3 fatty acid ratio of 
greater than or equal to 3.5 in the first 12 months, 
and less than or equal to 3.0 thereafter.1 The 
simultaneous analysis of complex lipid mixtures is 
possible by 1H NMR spectroscopy. In identifying 
chemically equivalent protons among fatty acids, 
relative percentages of polyunsaturated, 
monounsaturated and saturated fatty acids can be 
determined.  In this experiment, H1 NMR 
spectroscopy is used to determine the composition of 
fatty acids in the lipid fraction of milk. The results will 
contribute to a study being performed by Nutriva
Group on the effect feeding fresh grass to dairy cattle 





















Nutriva Grass haylage 0.77% 1.31% 1.70 0.23% 2.31% 22.46% 20.15% 77.54%
Nutriva Grass haylage 1.50% 1.79% 1.36 0.16% 3.45% 21.13% 17.68% 78.87%
Nutriva Grass haylage 1.14% 1.56% 1.39 0.21% 2.91% 19.63% 16.71% 80.37%
Nutriva Grass haylage 0.92% 1.56% 1.69 0.25% 2.74% 25.81% 23.07% 74.19%
Lucerne 3% Cereal crop 0.79% 1.60% 2.03 0.55% 2.93% 21.14% 18.20% 78.86%
Grass Roots Dairy Grass haylage 1.03% 0.53% 0.51 0.58% 2.14% 19.35% 17.21% 80.65%
Grass Roots Dairy Grass haylage 1.16% 0.61% 0.53 0.65% 2.41% 19.96% 17.55% 80.04%
Table 2. Fatty acid composition of different samples determined by 1H NMR. Nutriva samples are raw milk, 
Lucerne 3% is conventional processed milk, and Grass Roots samples are processed grass-fed milk. The 
18:2 n-6/18:3 n-3 is representative of omega 6/3 fatty acid ratios in milk. Future Work:
• To reduce sample processing time and usage of hazardous 
solvents, more efficient methods of extraction will be investigated.
• To determine how signal integration may be improved, the 
presence of unknown overlapping peaks will be investigated using 
correlative NMR spectroscopy.
• As method validation, more conventional milk samples and grass-
fed milk samples will be analyzed and compared to available data 
on fatty acid composition in milk.
Signal
Chemical shift 
(ppm) multiplicity Assigned proton Associated fatty acids
A 0.88 t methyl protons (-CH3) all FA except butyric & ALA
B 0.95 t methyl protons (-CH3) butyric acid (SFA)
C 0.98 t methyl protons (-CH3) a-linolenic acid
D 2.02 m allylic protons(-CH2-CH=CH-)
All UFA
E 2.33 t methylene protons(-OCO-CH2-CH2)
All FA
F 2.77 t bis-allylic proton H11(-CH=CH-CH2-CH=CH-)
linoleic acid
G 2.81 m bis-allylic protons H11 & H14 a-linolenic acid
H 4.97 dd proton H10  (=CH-) caproleic acid (MUFA)
I 6.28 dd




Figure 7.  Formulas used in determining fatty acid composition using proton NMR 
signals. (From Symeou et al.2)
Figure 3.  Region of spectrum from a. Nutriva and b. Grass 
Roots milk used to determine ALA and LA % composition.
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